The control of the biodiesel production plays an important role on achieving the production standard of the biodiesel. The quality of the produced biodiesel depends on the raw materials, alcohol and catalyst selections and process and storage conditions. The control of the biodiesel production not only enables to achieve high quality biodiesel but also maintains the continuity of the product quality. In this work, an automation system for a two stage biodiesel production is designed and realized. A PLC (Programming Logic Control) based system is used for this purpose. The designed and realized biodiesel production facility enables to produce biodiesel using either a single stage or a two stage process. The quality of the biodiesels separately produced using a single stage and a two stage process are analyzed and compared. The analysis results show that a two stage biodiesel production process gives better results compared to the single stage in fuel density, viscosity and flash point.
Introduction
Due the continuous increase in CO2 production which causes the global warming necessitates to use environment friendly fuels. Biodiesel is an example of those environment friendly fuels. Many biomass studies have been conducted on biodiesel [1 -5] . It is produced using chemical methods from the used or unused plant or animal originated oils [6] . Biodiesel properties must adhere with the international biodiesel standard specifications such as the American Standards for Testing Materials (ASTM 6751-3) or the European Union (EN14214) for biodiesel fuel. These biodiesel properties can be improved by five methods: pyrolysis, dilution with blending, micro-emulsion, and trans-esterification and super critical method. Transesterification is regarded as the best method among the other approaches due to its low cost and simplicity. The properties of produced biodiesel are characterized by physicochemical properties [7, 8] . Transesterification method is a widely used technique to produce fuels from vegetable oils. In this method, raw materials, catalyst, alcohol, temperature, process time affect the properties of the produced biodiesel. In order to increase the quality of the biodiesel, two stage production processes are becoming more common [9, 10] . Rapeseed oil is chosen for this study as it is very rich for its fatty acid components. In order to produce biodiesel from the rapeseed oil, a PLC controlled production facility is designed and realized, and first a single stage, then a two stage biodiesel productions are performed using the transesterification method. The biodiesel produced using the single and two stage methods are compared according to fuel properties such as density, viscosity, flash point, cloud point, pour point, freezing point, Cold Filter Plugging Point (CFPP), copper strip corrosion, calorific value, and water content. It is advantageous to produce the biodiesel in an automated way as automation will provide the production of the fuel in desired amounts and according to the standards. Moreover, automation will add benefits such as maintaining the fuel quality, minimizing the man power during the production, the ability to interfere to the production process at any level, the ability to increase the fuel production capacity, minimizing the maintenance costs, and minimizing the total fuel production costs [11] . The produced biodiesel should be competitive with the petro diesel in order to be accepted as an alternative fuel. The biodiesel produced in a proper way provides similar performance against the petro diesel in fuel quality.
Experimental Study
The process to produce the biodiesel from vegetable oils is categorized in four main steps as reaction, decomposition, rinsing and drying. In this study, the reaction step could be performed in two stages with a production facility shown in Figure 1 . In Figure 2 , the first stage of the two stage process is schematically shown. In this stage, first the raw oil is introduced to the reactor. In the reactor, this raw oil is heated up to 55 0 C. Meanwhile, methanol whose amount is 20% of the amount of the raw oil, and Sodium Hydroxide whose amount is 0.45% of the amount of the raw oil, are introduced to the Methoxide tank. 66% of the solution in the Methoxide tank is then introduced to the reactor after the temperature of the raw oil in the reactor stabilizes at 55 °C. This solution in the reactor is then stirred for 50 minutes at 55 0 C. Then, the temperature of the solution is increased up to 65 °C, which is the boiling temperature of the alcohol. This step takes 10 minutes. The alcohol is thrown away from the reactor with the help of the Heat Exchanger. With the help of this step, 15-20% of the alcohol which enters the reaction is regained. Then, the solution in the reactor is kept still. The glycerine is separated due to the density difference. Finally, this glycerine is taken away from the reactor.
The second stage of the two stage process, which is schematically shown in Figure 3 , starts with heating the solution in the reactor again up to 55 0 C. Then, the remaining 34% of the initial solution in the Methoxide tank is introduced to the reactor. This solution in the reactor is stirred at 55 0 C for 50 minutes. After the stirring, the temperature of the solution is increased to 65 °C to regain the alcohol. Then, the solution in the reactor is transferred to the waiting and rinsing tank, and kept still for 8 hours. After this period, the biodiesel and the glycerine are separated because of the density difference, and glycerine is taken away from the tank. In order to remove the remaining alcohol and particles, the biodiesel is rinsed with watercitric acid solution. For this rinsing step, first the biodiesel in the waiting and rinsing tank is heated up to 60 o C. Then water having 0.3% citric acid is introduced to the tank. The amount of water introduced to the tank is kept 20% of the amount of biodiesel inside the tank. The rinsing is performed using the fogging method. After the rinsing, the solution is kept still for 2 hours. After the waiting period, the biodiesel and water can be separated due to the density difference. The water which lowers down is taken away from the tank. After this step, the biodiesel is heated up to 85 0 C under the vacuum Exchanger conditions and dried. This step takes 60 minutes. After that, biodiesel is kept still till its temperature is decreased down to 50 0 C. Finally, this biodiesel is passed through a 5 micron filter. Figure 4 provides a schematic view of the PLC and surrounding elements and their connections which are used in the automation of the biodiesel production. In order to realize the above mentioned process steps, PLC based system is used for the automation and an operator panel is used to provide the data for the biodiesel production. Moreover, pressure sensors are used to detect the pressure in the tanks, PT 100 resistive sensors are used to detect the temperature of the materials in the tanks, solenoid pump and valves are used to transfer the materials between tanks, and mixers are used to stir the materials in the tanks. Table  1 shows every control element used for each tank. ( t is used, "-" shows that that element is not used). 
The Details of the Automated System
The level of the liquid in a tank is determined from the data obtained from the pressure sensor located at the bottom of the tank. g/A) ), or the data the pressure sensor should provide in order to reach the amount of liquid to be transferred to the tank (PT = g.Q/A). The resolution error of the amount of the liquid transferred in the tanks is calculated using Equation 3. 4 =PT/(2 n -1) (3.4) where  is the resolution error of the pressure sensor read by the PLC and n is the analog input bit number of the PLC. The ladder diagram of the program code which the pressure at the bottom of the tank using the data from the pressure sensor can be written as below ( Figure 5 ). Figure 5 shows the process box representation of this calculation where Wxab is the word address of pressure sensors connected to the PLC, Wrb is the internal word address of the PLC, A is the maximum measurement level of the pressure sensor, and Wrc is the pressure of the liquid at the bottom of the tank [12] . Figure 7 show the process flow of the first and the second stages of the PLC programs for the two stage biodiesel production process developed in this study. Ladder programming language is used to program the PLC for this biodiesel production. A sample Ladder code for transferring the raw oil to the reactor tank is provided in Figure 8 .
Result and Discussion
In the developed production plant, biodiesels are produced using the single stage and two stage processes with four replications and the resulted biodiesels are compared with respect to their fuel properties using the average values. Table 2 In order to provide engine guaranty and to widespread the biodiesel usage, high quality biodiesel production should be maintained. Automated processes provide high quality biodiesel by continuously controlling the process and quality. Moreover due to the high quality fuel, any possible problem that will harm the engine is prevented. 
